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Lennox--Gastaut syndrome (LGS) belongs to a group of severe childhood epileptic encephalopathy characterized by the symptomatic triad of several seizure types, characteristic electroencephalographic (EEG) abnormalities and mental retardation and/or personality changes.\[[@ref1][@ref2][@ref3]\] LGS is estimated to comprise 1--4% of all childhood epilepsies.\[[@ref4][@ref5]\] These children mainly suffer from the generalized tonic, atonic, and atypical absence seizures. However, many children eventually develop generalized tonic-clonic seizures (GTCS), myoclonic jerks, and partial/complex partial seizures. The typical EEG abnormality seen in these children includes generalized interictal slow-spike-wave discharges (\<3 Hz), fast rhythmic 10 Hz burst (with tonic seizures) and interictal multi-focal spike/sharp wave discharges. Nearly two-third of children with LGS are classified into symptomatic ("structural-metabolic") group and one-third into cryptogenic ("unknown cause") group.\[[@ref6][@ref7]\] Structural-metabolic group comprise of children with cortical malformations, tuberous sclerosis, hypoxic-ischemic encephalopathy, and rarely with inborn errors of metabolism. Those with normal magnetic resonance imaging (MRI) mostly classify into cryptogenic group. It is estimated that about half of all LGS patients and 41% of West syndrome patients who evolve into LGS have history of perinatal hypoxia.\[[@ref8][@ref9]\] Despite a well-agreed classification of LGS into "structural-metabolic" and "unknown cause" based on presumed etiology, both these groups hardly differ from each other in terms of seizure types, seizure frequency, cognitive functions, EEG abnormalities or in respect to overall prognosis.\[[@ref10][@ref11][@ref12]\] However, despite a strong association of perinatal hypoxia and LGS, there is little knowledge regarding any difference between LGS children with and without perinatal hypoxia or other perinatal events in terms of demographic, clinical, and radiological characteristics.

Since, children with birth hypoxia or other perinatal insults have higher chance of focal neurological deficits/structural brain abnormalities, higher prevalence of West syndrome, therefore, we hypothesize that LGS children with a perinatal hypoxia or other perinatal event will have; (1) a higher chance of a preceding West syndrome, (2) early age of onset of LGS,(3) a higher chance to acquire focal neurological deficits and structural brain abnormality on MRI.

Materials and Methods {#sec1-2}
=====================

This was a cross-sectional study conducted in a tertiary health care facility in northern India from April 2011 to January 2013. All consecutive children (up to 18 years) diagnosed with LGS in our neurology outpatient department were included in the study. Diagnosis of LGS was considered in children having:

Three or more seizure types with at least one of the following: Tonic seizures, atonic seizures or atypical absence seizuresAt least one EEG showing generalized slow-spike-wave of \<3 Hz activity or sleep EEG showing rhythmic fast (10 Hz) activityMental subnormality.

Parents or guardian of children gave their written consent for inclusion in the study. Institutional ethics committee approved the study.

Detailed record of age of onset of seizures, frequency/type of seizures, number of anti-epileptic drugs (AEDs) being consumed, compliance to drugs, history of febrile seizures, febrile encephalopathy and its squeal was obtained from parents. History regarding antenatal, perinatal, and postnatal period was inquired from mother. Medical records were checked for any antenatal problems, perinatal insults like birth asphyxia, Apgar score, pathological jaundice, stay in a neonatal intensive care unit and cause of stay thereof. A detailed account of social, motor, language, and other cognitive milestones like toilet training, behavior with other children, school performance, hyperkinetic behavior, etc., were also noted. Complete general and systemic examination was performed and records of any neurocutaneous markers, facial dysmorphism, and musculoskeletal abnormality were made. A detailed neurological examination was also performed.

Perinatal hypoxia was defined as a "failure to initiate and sustain breathing at birth". All neonates that fulfilled any one of the two of criteria in all three group were considered as having perinatal hypoxia: (1) Signs of intrauterine asphyxia, e.g., pathologic cardiotocogram (\<80 beats/min, limited beat-to-beat variability, late deceleration), meconium stained amniotic fluid; (2) signs of perinatal asphyxia, e.g., 5-min Apgar score ≤5, cord pH ≤7.1, base deficit ≥10 mmol/L; and (3) signs of postpartum encephalopathy starting within the first 48 h, e.g., decreased muscle tone, pathologic spontaneous movements, lethargy, coma, or seizures.\[[@ref13]\] Those with seizures, unconsciousness, febrile encephalopathy or any other brain insult up to 28 days after birth were also included into the group of children with perinatal insult.

A-21-channel EEG record was obtained for all children using 10--20 international system of electrode placement. Every child had a MRI of brain that was evaluated independently by two radiologists for any structural brain abnormality.

Statistical analysis {#sec2-1}
--------------------

All children with LGS were divided into two groups. First group included children with a history of the perinatal event whereas second group had children without evidence of the perinatal event. Independent and continuous variable between the two groups were compared using Student\'s *t*-test and Chi-square test.

Results {#sec1-3}
=======

About 500 children diagnosed with epilepsy were enrolled in the neurology out-door of our institute during the study period. Thirty-five children were diagnosed as LGS as per above mentioned diagnostic criteria. Four children were excluded from the study due to unreliable birth history and lack of medical records. Thirty-one patients of LGS were enrolled in this study. Demographic details, clinical, EEG, and MRI features of all children are summarized in [Table 1](#T1){ref-type="table"}. Median age of the patients was 8 years. Twenty-five patients were male. Mean age of onset of seizures was 8.757 ± 2.05 years (1--11 years). Mean duration of the illness (duration from the onset of seizures to age at the time of inclusion in the study) was 5.96 ± 3.27 years.

###### 

Clinical, radiological, and EEG characteristics of 31 LGS children
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Most common seizure type was myoclonic jerks (*n* = 25, 80.6%) followed by atonic seizures (*n* = 20, 64.5%), generalized tonic seizures (*n* = 18, 58%), GTCS (*n* = 16, 51.6%), atypical absence (*n* = 10, 32.3%), and complex partial seizures (*n* = 11, 35.5%). Preceding West syndrome was seen only in 6 (19.4%) patients. None of these children had preceding EME or Ohtahara syndrome. To ascertain seizure frequency parents kept a month-long record of seizures of their children and every seizure type was counted. Fourteen children had more than five seizures per day, 2 children had more than five seizures per month, 10 children had more than five seizures per week, and 5 children had \<5 seizures per month. Ten children each were taking 2, 3, and 4 AEDs, respectively, and one child was taking 5 AEDs at the time of inclusion in the study.

Spastic diplegia was present in 4 patients, spastic quadriparesis in 2 patients, only spasticity without weakness in lower limbs in 4 patients, hemiparesis in 2, extrapyramidal features in 1, and generalized hypotonia was present in 1 patient.

Magnetic resonance imaging brain abnormality was seen in 19 (60%) children. All children showed slow-spike-wave discharges (1.5--2.5 Hz) that were generalized in 29 and 2 showed predominance on one side. Only one child had 10 Hz fast burst during sleep. All children had multifocal spikes and sharp waves. Patients with West syndrome had initial features of hypsarrhythmia that later changed to generalized slow-spike-wave discharge.

Demographic, clinical and MRI features were compared between children with LGS and a perinatal event group with LGS without any perinatal event group \[[Table 2](#T2){ref-type="table"}\]. There were 17 children in the perinatal event group and 14 in the other group. Only 2 children had a history of premature birth but without any perinatal insult. Most common underlying cause among LGS without perinatal event group was cortical malformations in 7 children. Other etiologies were postnatal septicemia in 2, Japanese encephalitis in 1 and unknown cause (cryptogenic) in 4 children. In the perinatal event group, 10 children had perinatal hypoxia, five had septicemia, and two had hypoglycemia. The mean age of onset of seizures was significantly earlier in the perinatal event group (1.8 ± 1.8 years vs. 4.2 ± 2.6 years) (*P* = 0.004). More children in the perinatal event group had delayed milestones (13 vs. 5) (*P* ≤ 0.001). Perinatal event group had a higher frequency of seizure (*P* = 0.03). More children without a perinatal event had atypical absence seizures as compared to those with a perinatal event (*P* = 0.05) However, there was no significant difference in other seizure types, number of AEDs consumed, motor deficits or number of children with abnormal brain MRI between the either groups.

###### 

Comparison of LGS children with and without perinatal hypoxic insult
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Discussion {#sec1-4}
==========

This study partially supports our hypothesis. More than 50% of children with LGS had a history of a perinatal event in our study that conforms to previous studies.\[[@ref14]\] LGS with perinatal event group showed early age of onset of LGS, had more frequent seizures and exhibited delayed milestones in a higher proportion of children as compared to LGS without perinatal event. In our study, LGS children with a perinatal event were younger than those without a perinatal event. This was possibly because of earlier onset of seizures and delayed milestones in these children that necessitated medical advice at a younger age.

The pathogenesis of LGS is not known. The localization of epileptogenic regions of the brain that produces different seizure types and the underlying cause of brain pathology is not known.\[[@ref15]\] Various focal brain abnormalities associated with LGS like cortical dysplasia, hypoxic-ischemic changes, hypoglycemia, and encephalitis related abnormalities fail to explain satisfactorily the appearance of different types of seizures and mental decline in these children. It is also interesting to note that the LGS children without any underlying cause and with normal brain MRI have similar phenotype and similar prognosis as children with symptomatic LGS.\[[@ref16][@ref17]\] Therefore, the classification of LGS into "symptomatic" and "cryptogenic" is not clinically useful despite having a valid basis of classification based on presumed underlying etiology of LGS. Since, a large proportion of children with LGS suffer from perinatal hypoxia; classifying LGS into groups with and without the perinatal event is useful for the clinician in predicting prognosis.

Most other variables that we studied in our cohort like abnormal MRI, motor deficits, number of anti-epileptics being consumed and seizure types were similar in either group. This reinforces the fact that LGS children with perinatal hypoxia have similar phenotype as other symptomatic and cryptogenic LGS. However, significant perinatal brain insult for some unknown reason may unmask/de novo produce this syndrome at an earlier age and depending upon the severity of insult may add delayed milestones to this syndrome. Higher seizure frequency in these children could be due to kindling effect due to an earlier age of onset of epilepsy.

More children in the group "without a perinatal event" suffered atypical absences. This was possibly because absences are more readily noticeable and reported by parents in grown-up children and are difficult to ascertain in infancy and early childhood.

Our study had certain limitations. We had a small cohort of LGS children. Owing to the different age group of children, we could not use a uniform scale to measure the mental status of children and, therefore, could not compare the degree of cognitive dysfunction in either group. We could perform only a single 1-month follow-up in our children. We also had a higher frequency of myoclonic jerks in our cohort. This possibly occurred due to erroneous recording of flexor/extensor spasms by parents as myoclonic jerks in some children.

Conclusion {#sec1-5}
==========

Lennox--Gastaut syndrome children with a history of perinatal hypoxia or other perinatal event have earlier age of onset of seizures; have delayed milestones and a higher seizure frequency as compared to LGS children without a perinatal event. History of perinatal hypoxia or other significant perinatal insult in children with LGS may help in predicting their prognosis and planning a more aggressive management.
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